Abstract
Introduction

55
Both terrestrial and aquatic environments experience pollution from a wide 56 range of chemical contaminants. The presence of these contaminants is a cause for 57 concern as they may elicit adverse effects to environmental and public health.
58
Bioaccumulation of chemicals is critically important for understanding the risk of 59 chemicals in the environment. The complexity of confounding factors that affect uptake 60 make simple relationships that can confidently predict the accumulation elusive; but it 61 may not have to be that way.
62
Live animal exposure studies are currently the norm, using many hundreds of However, it should be noted that substances with a logP >4.5, will trigger a PBT 78 assessment (following REACH guidelines) regardless of the Phase I PEC. and refinement (3Rs) framework [6] . Further, effective in silico models could also be 97 utilised to help shape future drugs in terms of 'green by design' ambitions [7] .
98
More recently, more complex machine learning-based QSAR models involving 99 artificial neural networks (ANNs), tree-based learners or support vector machines 100 (SVMs) have been used to model BCF in fish [8] [9] [10] [11] Descriptors were down-selected using three different feature selection 157 algorithms, the first of which was a genetic algorithm (GA). The GA parameters were 158 set to population = 500, generations = 250, mutation rate = 0.1 and cross-over rate = 159 1. The remaining two selection methods were part of stepwise regression which 160 included a forward selection algorithm (FA) and backwards selection algorithm (BA).
161
The feature selection algorithms used a generalised regression neural networks In the second software package, modelling was performed using the R 
Down-selection of input features for modelling BCFs in fish 232
The down-selection of the input features was assessed using three different Table S3 ). These additional descriptors were logD and number of hydrogen acceptor 246 groups (nHAcc) and were chosen for their previously demonstrated influence on 247 accumulation in biota [19, 20] . All descriptors were then tested across several compounds whereas the invertebrate BCF data contained 18 cases (~53%).
454
Inspection of the molecular similarity between the datasets indicated that the 455 invertebrate and fish datasets were dissimilar ( Figure S4) . Thus, the bioconcentration 456 potential may not follow the same relationships with neutral hydrophobic organic 457 contaminants.
458
The fish-based model was subsequently reinitialised and trained on the 459 invertebrate dataset only (using the same descriptors) (Figure 3b) . The invertebrate taxa. An alternative approach to overcome this could involve development of a model 467 with two or more outputs to represent different species, but commonality in BCF cases 468 would be required for both species. Whilst the predictive accuracy of the retrained 469 model was very good, it is also limited by the small number of cases used.
470
Generalisability is also likely to be limited given the ratio of cases to descriptors 471 (Topliss ratio of ~2.5:1) Nevertheless, and as new BCF data emerges, this approach were predicted relatively well even though they were not within the reported ranges.
479
Sertraline is an interesting case as although it has not shown very high weight is that they all describe molecular size (shape, volume, weight) to some extent.
535
Therefore, the rank importance of these particular descriptors should be approached 536 with some caution. Whilst the error ratio is higher for certain descriptors that are 537 collinear, their removal from the network model may not correctly determine the ratio 538 value due to redundant information. Nevertheless, the descriptor sensitivity can still be 539 useful for directing mechanistic and experimental studies. This was shown recently in 540 a neural network application to passive sampling [63] which was later followed by a 541 mechanistic study [64] , that supported the interpretation of the model.
542
The invertebrate-based MLP used the same descriptors as the fish-based studies showing logD to be important in accumulative processes [11, 64] . Whilst 552 hydrophobicity may be a principal factor of bioconcentration, it is possible that carrier-553 mediated transport may also play an important role. Both models here demonstrated 554 that other variables also strongly influence BCF prediction. Thus, QSAR models that 555 rely solely on logP or logD in our opinion are limited in their application.
556
It is important to consider that descriptors not used in this work may also have 557 a potential for BCF modelling. For example, the major mechanism of transport across 558 epithelia tissue is passive diffusion and so it is also possible that diffusion coefficients 559 could potentially be an important descriptor for consideration among others, however 560 these descriptors are difficult to acquire and therefore reduce the practicability of a 561 model based on these.
562
Conclusions
563
The work presented herein has shown that in silico modelling approaches are 
